At the last IEEE-PVSC. the new stretched lens array (SLA) concept was introduced. Since that conference, the SLA team has made significant advances in the SLA technology, including component-level improvements, array-level optimization. space environment exposure testing, and prototype hardware fabrication and evaluation. This paper will describe the evolved version of the SIA, highlighting the improvements in the lens, solar cell, rigid panel structure, and complete solar array wing. The near-term SLA will provide outstanding wing-level pefformance: >180 W/kg specific power, >300 W/sq.m.
INTRODUCTION AND BACKGROUND
Since 1986, ENTECH and NASA have been developing and refining space photovoltaic arrays using refractive
In the middle 199Os, ENTECH and NASA developed a new line-focus Fresnel lens concentrator. which is easier to make and more cost-effective than the minidome lens concentrator. Using a continuous roll-tc-roll process, 3M can now rapidly mass-produce the line-focus silicone lens material in any desired quantity.
In 1994, AEC-ABLE joined the refractive concentrator team and led the development of the SCARLET3 (Solar Concentrator Array using Refractive Linear Element Technology) solar array (41. SCARLET uses a small (8.5 cm wide aperture) silicone Fresnel lens to focus sunlight at 8X concentration onto radiatively cooled triple-junction cells. Launched in October 1998, a 2.5 kW SCARLET array powered both the spacecrafl and the ion engine on the NASNJPL Deep Space One probe, shown in Fig. 1 . SCARLET achieved over 200 W/sq.m. areal power density and over 45 W/kg specific power [5] . With SCARLET working flawlessly, Deep Space 1 had a spectacularly successful rendezvous wRh the comet, Borrelly, in September 2001, capturing the highest-resolution images of a comet to date and other unprecedented comet data. concentrator technology [I] . Unlike reflective concentrators. these refractive Fresnel lens concentrators can be configured to minimize the effects of shape errors, enabling straightforward manufacture, assembly, and operation on orbit. By'using a unique arch shape, these Fresnel lenses provide more than lOOX larger slope error tolerance than either reflective concentrators or conventional flat Fresnel lens concentrators [Z].
In the early.l99Os, the first refractive concentrator array was developed and flown on the PASP+ mission, which included a number. of small advanced arrays (3):. The refractive concentrator array used' ENTECH minidome, ,. lenses over Boeing mechanically .stacked multi-junction (MJ) cells (GaAs over GaSb). The minidome lenses were -made'by ENTECH from spacequalified silicone (DC 93-. ' (Fig. 3) . Despite the very low wavelength output of the VUV lamp, with 80% of the lamp power below 170 nm wavelength, the transmittance loss was relatively small after nearly 7,800 equivalent sun hours (ESH) of combined NUVNUV exposure. Indeed. when the spectral transmittance curve is convolved with the quantum efficiency curve of the top cell (GalnP) in the triple-junction stack, the net current loss under AM0 sunlight is about 5%. With proper tailoring of the initial top-to-middle cell current ratio, the effective loss in total cell power output can be less than 2.5% due to this effect. Additional work is ongoing to better understand the UV degradation phenomena and to thereby improve the UVR coating. In addition, a flight test of coated versus uncoated lens material is badly needed to quantify the actual UV degradation effect in space, since this effect is very difficult to accurately simulate in ground testing. 
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THE COMBINED LENSICELL MODULES
In recent months, several combined lenslcell modules have been fabricated and flown on the NASA Glenn Lear Jet to determine their AM0 short-circuit currents. These currents have then been used to calibrate NASA Glenn's large area pulsed solar simulator (LAPSS) during full IV curve testing of the same SLA modules. SLA modules using the new ultra-thin lensfilm and prismcovered cells from both Spectrolab and EMCORE have been tested by NASA Glenn using this combined LeadLAPSS approach, with outstanding results. Fig. 5 shows one of the SLA modules during outdoor ground testing at ENTECH, prior to deliNery to NASA Glenn for Lear and LAPSS testing.
The unit was sized to ffi within the sun-pointing tube on the NASA Glenn Lear Jet. Fig. 6 shows the NASA-Glennmeasured AM0 IV curve for the SLA module using a prismcovered EMCORE cell. Fig. 7 shows the NASAGlenn-measured AM0 IV curve for the SLA module using a prism-covered Spectrolab cell. Note that both modules have a net electrical mnversion efficiency over 27% under AM0 sunlight at room temperature (25C). Since these SLA module efficiency values are based on the measured 
THE SOLAR ARRAY WING
Initially, the SLA team was considering a flexible blanket solar array wing approach for SLA 161. This approach has now been superseded by a more conventional rigid panel wing approach, with springdriven. selfdeploying end arches to support the stretched lenses (Fig. 8) . By using ultra-light. single-face-sheet, picture-frame panels for all but the innermost and outermost panels of the wing, the rigid panel wing is superior to the blanket wing in performance, mass, cost, flight heritage, and marketability. A subscale prototype four-panel wing has been fabricated and evaluated mechanically. as shown at the bottom of Fig. 8 . This wing will be equipped with a full complement of lenses and several 'live" solar cell strings later this year.
WING-LEVEL PERFORMANCE
A detailed analysis has been conducted for a 7 kW rigidpanel SLA wing, resulting in the following full-wing performance estimates (on-orbit beginning of life, BOL): 
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